Introduction
Reviews by Braude (1967) and Wallace (1967) have indicated that various sources of copper can improve gains and feed/gain when added to diets at levels of 125 to 250 ppm. However, some reports have been contradictory in regard to effects of copper on performance of pigs. Livingstone and Livingston (1968) , Parris and McDonald (t969) , Elliot and Bowland (1970) and Amer and Elliot (1973) reported no beneficial growth response to 200 or 250 ppm of supplemental copper, while others (Barber et al., 1968; Beames, 1969; Kline, Hays and Cromwell, 1972) have obtained growth responses with 250 ppm. Miller (1969) and Gipp, Pond and Walker (1973b) reported improved growth rates from feeding copper during the growing phase but not during the finishing period.
Supplementary levels of 250 ppm or more of copper increased levels of copper in the liver (Allen et al., 1958; DeGoey, Wahistrom and Emerick, 1971 ; Elliot and Amer, 1973; Gipp et a/., 1973a, b; Hedges and Komegay, 1973) and increased the proportion of unsaturated fatty acids in porcine fat (Moore et al., 1968; Elliot 512 JOURNAL OF ANIMAL SCIENCE, vol. 39, no. 3, 1974 and Bowland, 1968; DeGoey et al., 1971) . Other minerals, zinc (Ritchie et al., 1963) , iron (Hedges and Kornegay, 1973) and iron and zinc (Suttle and Mills, 1966) , have been shown to reduce liver copper stores when added to a high copper diet.
The North Central Regional Committee on Swine Nutrition (NCR-42) conducted two experiments to study (1) the effects of supplementary copper and vitamin E in swine diets and (2) the effect of different levels of supplementary copper fed during the growing or growing-finishing periods on rate and efficiency of gain, copper accumulation in the liver and blood composition.
Experimental Procedure
Composition of the standard 14.5% crude protein diet is given in table 1. The diet prepared at each participating station was a standard corn-soybean meal diet with two exceptions in which wheat and grain sorghum were substituted for corn. The trace mineral mixture was obtained from a single source. Copper was supplied as copper sulfate (CuSO4-5H20) and vitamin E as d-a-tocopherol acetate. Crossbred (representing at least seven breeds) and purebred (Duroc, Hampshire and Yorkshire) pigs averaging 21.6 and 23.1 kg initially in experiments 1 and 2, respectively, were allowed to consume the test diets ad libitum in confinement. Pigs were randomly assigned to the treatments from weight groups and treatment groups were balanced for sex. The pigs were removed from the experiments at approximately 91 kg live weight. A total of 802 pigs (125 pens) in experiment 1 and 934 pigs (142 pens) in experiment 2 were involved and "data were collected from 10 stations in each experiment.
In experiment 1, blood samples were obtained for hemoglobin determination at the onset of the experiment at three stations and at the termination at six stations. Four stations also obtained liver samples at slaughter for liver copper determinations. Carcass data obtained were backfat, length, longissimus muscle area and ham and loin percent. In the second experiment blood and carcass-data were not obtained, but nine of the 10 stations determined levels of copper in the liver.
The treatment comparisons at each station are outlined in 
aThis treatment not included in one replicate.
Remits and Discussion
Experiment I. Treatment means for average daily gain and feed/gain shown in table 4 were not significantly different. Means for average daily gains were 698, 708, 721 and 710 g for pigs fed the basal diet or diets with 22 IU per kilogram vitamin E, 250 ppm copper and these combined levels of vitarrdn E and copper, respectively. There were significant (P< .01) differences among stations and a significant (P < .05) station x copper interaction for both rate of gain and feed/gain. Although differences among least-squares treatment means were small, there was a high amount of variation in the data as indicated by the significant station x copper interaction.
This interaction also demonstrated that response to copper differed among stations. Five stations observed increased gains in pigs fed copper, two showed reduced gains and one reported no difference. On a replicate basis there were 36 replicates showing a growth response to copper and 23 replicates in which growth rate was reduced. Differences existed among stations in housing, environmental conditions, genetic background of the animals and management practices. The station x treatment interaction indicated these differences affected the response due to dietary copper. However, the inconsistency among the stations observed in this study was not unexpected in that recent reports by a number of authors, among them Barber et al. (1968) , Beames (1969) , Kline et al. (1972) and Hedges and Komegay (1973) have indicated responses to 250 ppm of supplementary copper, while others have shown no beneficial response to this level of copper (Livings.tone and Livingston, 1968; Parris and McDonald, 1969; Elliot and Bowland, 1970; Amer and Elliot, 1973) .
There were no significant treatment effects on either gain or feed/gain resulting from the inclusion of vitamin E in the diet. Amer and Elliot (1973) reported that vitamin E at levels of 22, 44 and 88 IU per kilogram did not affect growth rate or feed efficiency of pigs.
Means for 52 pens of pigs from six stations were used in the analysis of the hemoglobin level of pigs at termination of the experiment (table 5). Significant station (P < .05), copper (P < .05) and station x copper (P < .01) effects were observed. A reduction in hemoglobin due (1969, 1973a) , Hedges and Komegay (1973) and Miller et al. (1969) , while Hanrahan and O'Grady (1968) and Kline et aL (1972) reported no significant effect of 250 ppm dietary copper on hemoglobin levels. The station x copper interaction obtained also indicated differences did exist among stations in the effect of dietary copper on hemoglobin level. The mean difference in hemoglobin levels was relatively small and with all levels above 13 g per 100 ml the pigs were not anemic. Therefore, these differences would not be considered important. Dietary copper significantly ' (P < .01) increased the levels of copper in the liver. Significant (P< .05) differences also existed among stations. Previous reports by DeGoey et a/. (1971), Kline et al. (1972 ) Gipp et al. (1973a and Hedges and Komegay (1973) also indicated increased liver copper stores when pigs were fed diets containing 250 ppm supplementary copper. Carcass length, backfat, area of the longissimus muscle and ham and loin percent were not affected by treatment. Significant station effects were observed for all carcass traits.
Experiment 2. Means for average daily gain and feed/gain for replicate pens by station for the first 8 weeks, 8 weeks to termination and complete experiment are presented in tables 6, 7 and 8, respectively. During the first 8 weeks of the experiment, dally gains were 650, 685, 696 and 679 g with diets containing 0, 125.0, 187.5 and 250.0 ppm of copper, respectively. Rate of gain was significantly affected by station, replicate/station and copper (P< .01) and copper x station (P< .05). Feed/gain means were similar for the treatment groups, but significant (P< .01) effects for station, copper x station and replicate/stations were found.
Gain and feed/gain from 8 weeks to final weight (approximately 91 kg) and for the entire growing-finishing period did not differ among treatments. As with previous comparisons, there was a significant (P < .01) station effect on both rate of gain and feed/gain. These results suggest that supplementary copper levels of 125 to 250 ppm will improve rate of gain of pigs during the growing period, but that there is little benefit from feeding these levels of copper after 8 weeks. Removing copper from the diets after an 8-week feeding period had no effect on rate of gain or feed/gain. Similar results have been reported by Miller et al. (1969) and Gipp et al. (1973b) who observed improved growth rates during the growing phase but not during the finishing phase.
Copper storage in the liver was determined at nine stations (table 9). Significant (P < .01) effects were observed for levels of copper, copper withdrawal, station and level of coppper x withdrawal. The linear increase in liver copper stores resulting from feeding diets containing 125.0, 187.5 and 250.0 ppm of copper for the aSignificant (P <: .01) linear effect and (P <: .05) quadratic effect of copper for gain; station and rep/station sig. (P ~ .01) for gain and feed/gain; Cu x station sig. (P <: .01) for feed/gain and (P ~ .05) for gain. 
